Introduction
Lung cancer (LC) is the leading cause of cancer-related death for both men and women in the United States, with an annual mortality exceeding that for breast, prostate, colon, and pancreatic cancers combined (Howlader et al., 2014) . The overall 5-year survival for LC is approximately 17% and has not changed significantly in 25 years despite advances in diagnosis, imaging, staging, and treatment (Howlader et al., 2014) . The American Cancer Society estimates there will bẽ 222,500 new LC cases and~155,870 deaths (~13% of all cancer cases and~26% of deaths) in 2017 (American Cancer Society, 2017a). Further, these figures are not equitably distributed, with known disparities by race, socioeconomic status, geography, and gender (Ward et al., 2004; National Institutes of Health, 2008; Tabatabai et al., 2016) .
Of particular concern is the rural-urban disparities in lung cancer incidence and mortality (2000-2006 data) (Atkins et al., 2017) . However, recent advances may have significant impact, as the pivotal outcomes of the National Lung Cancer Screening Trial (NLST) demonstrated the benefit of screening using low dose computed tomography (LDCT) (Bach et al., 2012; National Lung Screening Trial Research Team et al., 2011) .
However, the demographic engaged in the NLST was not reflective of the barriers seen in LC screening in rural communities (Bach et al., 2012; National Lung Screening Trial Research Team et al., 2011) . A review of national, population-based cancer registries (2009-2013 data) indicates that lung and bronchus cancer incidence, distant stage incidence, and mortality rates are all elevated in rural areas (Table 1 ; not published elsewhere). Individuals who reside in rural areas traditionally have worst health outcomes, lower educational levels, and travel longer distances to receive care in comparison to individuals who reside in urban areas (Stamm et al., 2007; McCord et al., 2012; Murimi and Harpel, 2010) . These influential patient-level factors mold physicians' healthcare practices, including the provision of preventive care services (Brems et al., 2006) . Ultimately, the approximately 19.3% of the US population residing in rural areas face a host of challenges and barriers to lung cancer prevention, detection, and care (United States Census Bureau, 2017) . While much of the observed LC disparities may be attributed to higher smoking rates, the data indicate a need to aggressively pursue multiple means to examine and subsequently reduce lung cancer in disproportionately impacted rural areas.
Low dose computed tomography (LDCT)
LDCT scans have been shown to benefit individuals at increased LC risk by both literature review and the results of the National Lung Cancer Screening Trial (NLST) (Bach et al., 2012; National Lung Screening Trial Research Team et al., 2011) . The NLST compared chest X-ray and low dose computed tomography (LDCT) to detect lung cancer in high risk individuals (individuals aged 55-74 years with a 30 packyear smoking history; including current or former smokers who had quit in the past 15 years). The relative reduction in LC mortality was 20.0% and absolute reduction in mortality was 0.33% for LDCT compared to chest X-ray; avoiding 87 deaths over 26,722 screened participants. Further, LDCT scans detected more early stage LC (Kramer et al., 2011) . These findings have led to multiple medical organizations (e.g. United States Preventative Services Task Force [USPSTF]; American Lung Association; American Cancer Society) to endorse LDCT lung cancer screening for high risk patients (U.S. Preventive Services Task Force, 2015; American Lung Association, 2015; American Cancer Society, 2017b).
System barriers
Multiple system level barriers to implementing LDCT screening have emerged. The NLST study did not assess LDCT screening in rural centers, and barriers and facilitators to delivering LDCT screening there may vary from urban centers. According to qualitative findings on providers' perspective of LDCT screening in New Mexico (consisting of providers from four rural settings), providers expressed concern about access to LDCT equipment and potential financial burdens among rural populations (Hoffman et al., 2015) . While USPSTF recommendations guide insurance coverage guidelines for preventive screening through Medicare and private insurance, coverage issues remain an implementation barrier (Eberth et al., 2014) . Further, a study of Lung Cancer Alliance Screening Centers of Excellence noted logistic barriers to implementation, including financial issues of cost associated with screening implementation and overall operations (Qiu et al., 2016) .
Another key recommendation from the USPSTF on LDCT screening involves the use of shared decision making (SDM). SDM is a Centers for Medicare and Medicaid Services requirement for coverage and reimbursement to ensure the provider engages with the patient about the risks and benefits of LDCT for lung cancer screening and that the provider documents the SDM discussion in the medical record (Centers for Medicare and Medicaid Services, 2015; Watson et al., 2016) . While, SDM does ensure that the patient is engaged in the screening decision making process, it can also serve as another barrier related to provider knowledge and can be impacted by patients' health literacy (Cardarelli et al., 2017) . Still, one-on-one conversations with their physicians regarding screening details and the provision of decision support materials and desired by patients (Mishra et al., 2016; Kanodra et al., 2016) .
Provider barriers
Rural health providers may face particular challenges in implementing screening. Rural areas often face the implementation barrier of reduced radiologist capacity relative to the number of those at risk, potentially limiting LDCT screening of eligible patients (Smieliauskas et al., 2014) . Survey and focus group research on provider perspectives has indicated that primary care providers are inadequately aware of the recommended guidelines and order chest Xrays for screening purposes more often than LDCT (Hoffman et al., 2015; Lewis et al., 2015) . Moreover, primary care providers are apprehensive about LDCT false positive rates, the potential complications of follow-up biopsies, and the feasibility of implementing LDCT screening in their health care settings. LDCT referrals are low among both primary care (only 41% made a referral in the past year) and pulmonologists (only 52.4% made guideline-concordant screening decisions) (Ersek et al., 2016; Iaccarino et al., 2015) . Studies assessing other screening modalities have found that rural providers in general have lower rates of adhering to guidelines, which may be associated with characteristics of rural populations (Kulczycki et al., 2016; Luman et al., 2006; Beydoun and Beydoun, 2008) . These barriers exist within the context of a general shortage of primary care providers, of which there are numerous documented disparities in rural areas (Laditka et al., 2009 ).
Individual barriers
Screening implementation in rural areas is not solely limited by provider-based limitations, but also involves a number of well-characterized socio-demographic and access barriers (Finney Rutten et al., 2004) . Patient-level barriers to the receipt of LDCT screening include a lack awareness and understanding of LDCT screening, with patients often confusing chest X-rays and biopsy with LDCT screening (Cardarelli et al., 2017) . Patients also perceive that screening adherence precludes them from the need to quit smoking, and those who have received LDCT screening may not appropriately understand their LC risk, especially in relation to their recent smoking history.
3. Other aspects of screening uptake and risk reduction
Smoking cessation counseling
A baseline clinical intervention may be the Five Major Steps to Intervention (The "5 A's"; ask, advise, assess, assist, and arrange) (Agency for Healthcare Research and Quality, 2014) . Though this motivational intervention is brief and simple, some studies indicate that only a minority of primary care providers are familiar with them (generally), and/or fully utilize them for smoking cessation (specifically) (Addo et al., 2011; Balls et al., 2010; Tong et al., 2010) . Further strategies include pharmacotherapeutic tools including nicotine replacement therapies and non-nicotine therapies (Anczak and Nogler, 2003) . Additionally, tobacco cessation programs administered via telephone based programs (quitlines) have documented success in improving tobacco cessation in high risk populations. Yet, there is a Urban is the reference group. a Data from the NAACCR public use dataset (Lichter, 2012) . b Data from the NCHS mortality data embedded in SEER*Stat (Caldwell et al., 2016) . W.D. Jenkins et al. Preventive Medicine Reports 10 (2018) 200-203 documented decrease in effectiveness of quitlines in rural communities compared to urban populations (Griffin et al., 2015) . As a result, there is growing dialogue for the need to consider the "rural culture" and how it impacts rural population behaviors and norms within the context of tobacco cessation and lung cancer screening (Hartley, 2004) . Additionally, many of the practice-based evidence (PBE) and researchbased evidence (RBE) projects have not examined the implementation of evidence based tobacco cessation and navigation in rural communities (Vaidya et al., 2017) .
Social supports
Overall, little is known about eligible adults' barriers to receiving LDCT screening, or how social support can be used to overcome them, especially in rural populations. The literature is replete with findings that demonstrate the significant role of social support on the receipt of preventive care (Kirby, 2008; Honda and Kagawa-Singer, 2006; Ertel et al., 2009) . For example, family encouragement to seek screening can contribute to screening adherence for colorectal cancer screening and mammography (Wang et al., 2014; Allen et al., 2008) . Study has also indicated that cancer screening information circulated through social support systems and families affect patient attitudes towards cancer screening (Shaw et al., 2012) . Therefore, social support may serve as a contributing factor to addressing patient barriers and examine uptake and screening compliance. Health care navigation services have been shown to be efficacious in overcoming patient barriers to cancer screening in vulnerable patient populations and may prove beneficial in reducing similar barriers to LDCT in rural communities (Robinson-White et al., 2010; Freund et al., 2008) . Furthering the knowledge on the role of social support and improving uptake of LDCT screening may also be informed by examining the social networks in rural communities (Wheeler and Basch, 2017) .
Special populations in rural areas
Rural areas are far from homogenous with geographical and cultural norms associated with smoking highly varied across the U.S. Further, there are existing and emerging racial/ethnic variations in rural areas that also has implication for serving the needs of rural based smokers (Crowley et al., 2015) . For example, Hispanics made up more than onehalf of the people added to the U.S. rural population through both migration and births between 2000 and 2010 (Lichter, 2012) . In addition to the barriers noted above for persons living in urban areas, immigrant and/or racial/ethnic minorities living in rural areas may have additional barriers to care related to accessing LDCT lung cancer screening and tobacco cessation services including language and cultural barriers (Caldwell et al., 2016) . These trends have implications for education, outreach and the provision of appropriate lung health care.
Strategy going forward
Just as the problem is multifaceted, so too should be the response, and the introduction of LDCT as a screening tool may be a new impetus for coordinated action. LDCT is approved by the USPSTF for screening purposes, is endorsed by multiple organizations, and is a covered patient service under CMS. Its expanded implementation into rural areas (especially) may be utilized as the lynchpin for new and coordinated smoking interventions. From a system perspective, efforts need to be made to increase LDCT accessibility in rural areas (frequently also low resource). While it may be infeasible to outright place LDCT equipment and personnel in rural areas, there are networks of federally-funded cancer centers and healthcare organizations to which patients may be referred. From a provider perspective, physicians, especially in rural areas, should be educated regarding LDCT utility and encouraged to promote its appropriate use. Purposeful work in this regard may also serve to increase screening promotion in general among rural providers impacting other cancers as well. Finally and from the patient perspective, purposeful attention should be paid to patient needs, especially those specific to LDCT screening such as provider discussions and decision support materials. Physicians and patients are receptive to LDCT screening, but time constraints limit conversations and the use of decision aids. Healthcare and managed care organizations should explore options for either reimbursing clinicians for extended visit time, or alternative methods of patient engagement (e.g. with nurse practitioners).
There exist multiple smoking interventions shown to be effective. Rural areas are less likely to fully utilize some services (e.g. Quitline) and many lack resources to achieve eligible population saturation. We suggest that uncoordinated and ad hoc screening promotion and risk reduction interventions (e.g. separate interventions targeting individual aspects) may be of substantially less effectiveness in a rural culture where multiple aspects are interdependent. A more holistic approach simultaneously targeting aspects of: smoking initiation; social acceptability; tobacco access; purposeful smoking assessment and referral to cessation resources; and enhanced access to and utilization of clinical care may be needed. Increasing awareness and uptake of LDCT screening among patients and providers may provide a new and additional impetus to addressing the tobacco control needs in these communities. This should be purposefully pursued in rural communities, as health care advancements such as improved methods for cancer early detection and treatment can actually exacerbate observed disparities if appropriate outreach and diffusion is not conducted (Chang and Lauderdale, 2009; Levine et al., 2010) .
Conclusions
The current data that demonstrates evidence based practices for improving lung cancer outcomes in high risk populations has been largely limited to urban areas and little research has been done to discuss generalizability and scalability of that data in rural populations. Rural residents are less likely to see a physician regularly, have less access to smoking cessation programs, and ultimately experience worse outcomes for cancer diagnosis (Hutcheson et al., 2008; Williams and Thompson, 2016; Singh and Siahpush, 2014) . As such, additional research is needed to identify and address barriers to LDCT uptake and adoption relating to patient, provider, and system-level factors with an intentional focus upon screening and prevention within the context of rural communities. This in turn may instigate additional supportive activities associated with risk reduction and health promotion.
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